As a new technique the pulsed neutron transmission spectroscopic radiography is auractive in the research fields of energy-resolved neutron radiography. The imaging technique is based on the energy-analysis of neutrons by time-of-flight (TOF) method. The neutron transmission spectrum includes the Bragg scattering edges with the crystallographic structure and texture information. We developed a high performance high-frame-rate camera for this neutron imaging at an electron Linac pulsed neutron source in Hokkaido University.
I. INTRODUCTION
P ULSED neutron transmission spectroscopic radiography is one of the new technology in the research field of energy dispersive neutron radiography based on time-of-flight method [1] . At low energy region, this provides information about two-dimensional distribution of residual strains in materials and crystalline texture [2] , [3] . The method for evaluating materials from the neutron transmission image using a pulsed neutron source can be high sensitivity and easily compared to the usual scattering experiment. It is also possible to obtain quantitative information about the properties of materials if we can clarify the physical content contained in the transmission cross section.
At the first stage a pixel-type Li-glass scintillation detector was developed and applied to evaluate crystal structure of welded piece of stainless steel [4] . The pixel size of the detector is about 1.7 mm x 1.7 mm and not enough for actual application. GEM detectors were also developed for high resolution transmission measurements [5] , however, the spatial resolution and the maximum detection rate were 0.6 mm and 11.9 M event/sec, respectively. These characteristics are still expected to be improved.
Neutron image intensifiers (neutron 1.1.) were developed by Toshiba Co. and successfully used for visualization of dynamic phenomenon such as water behavior in fuel cells. [6] . The imaging device has high neutron reaction efficiency, high sensitivity and high spatial resolution of less than 50!im.
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Combining it with high frame-rate camera new time-resolved imaging system could be configured and applied to the Bragg edge transmission method.
II. IMAGING SYSTEM Figure 1 shows the configuration of our system built in the neutron beam line at the Hokkaido University 45 MeV pulsed electron LINAC facility. The pulse width was less than 40 ns and repetition rate was 50 pps. Synchronizing to the trigger pulse, high energy photons are produced in the lead (Pb) target, and neutrons are simultaneously produced by the gamma-n reaction and the neutrons with a wide energy range start to fly. Transmitted images of the specimen are obtained by the neutron l.I. and sequential images are recorded with a high frame-rate camera thought an image intensifier (Hamamatsu Co. C9016-24).
In the application of the Bragg-edge transmission method at the LINAC facility the time resolution of 40 !is was selected. As the repetition period of the LINAC was 20 ms, 500 frames were required with the same window size of 40 !is. To satisfy this requirement an imaging device with the frame-rate of 25,000 fps were necessary. Considering these requirement we selected a CMOS high-frame-rate image sensor LUPA-3000 made by Cypress Semiconductor Corporation. A commercial camera HAS-D3 adopted this device and was made by Detect Co.. The resolution of 160 x 134 pixels could be attained at the frame-rate of 25,000 fps with the digital output data of 8bit. The frame rate of the camera depended on the pixel size and there were the second mode of 12,500 fps with the pixel size of 224 x 200 pixels. 
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Ele ct ro n beat n LINAC We ordered a custom high-frame-rate camera HAS-D3-TOF (Fig.2) to the Detect Corporation. In this camera the LUPA-3000 was integrated. The original camera had internal memory of 2G bytes to record 837 frames of the image size of 1,600 x 1,600 pixels. Its recording time was 1.67 seconds. Even if the image size was minimized to 128 x 24 for faster frame rate of 100,000 fps the recording time was 6.99 sec and still short to use experiments which needs integration of image data to obtained high quality image. After the memory was filled up, the data was transferred to a personal computer by Camera Link parallel interface of base configuration and it took about 4 seconds. So beam usability was about 30%, and very low.
To improve this weak point of this commercial camera we have customized this high-frame-rate camera by adding the following function.
A. Image Accumulation
After the first LINAC trigger pulse 500 frame images were successively recorded in the memory and after the second trigger pulse coming frame images were successively accumulated in the frames with the same neutron energy. Over 256 triggers these accumulation were carried out and the data length of the accumulated image data became 16 bit.
B. Seamless d ata transfer
The 2 GS memory block was divided into two banks and each bank could accumulate associated frame data as mentioned above over 256 shots. As these accumulated data were alternately transferred to PC with the interval of 5 seconds seamless data transfer could be achieved and beam efficiency was much improved.
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C. Configuration of pixel number an d frame rate Two special configurations have been added. To the original configuration, two configurations of 12,500 fps with 224 x 200 pixels and 25,000 fps with 160 x 134 pixels have been added. Each time resolution was 40lls and 80lls, respectively.
IV. EXPERIMENTAL RESULT
The normal and welded iron plate samples (Fig.3) were prepared. The thickness of these plates was about 5.5 mm. Time resolution was selected to 80IlS, therefore, the frame rate was 12,500 fps with 224 x 200 resolution and recording time was 3 hours. 
V. CONCLUTION
We have developed the high-frame-rate camera system for energy dependent neutron radiography. The camera was customized to collect radiographs with 500 different energy points. The camera was applied pulse neutron experiment at Hokkaido University LINAC.
